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Vapor  Detection  Sensitivity  as  a  Function  of  Optical  Resolution  for  a 

Single  Loren  tzian  Band 


1.  introduction 

Passive  infrared  spectroscopy,  in  many  practical  situations,  produces  marginal 
signals  because  of  the  small  difference  temperature  (AT)  between  the  target  gas  and  the 
background.  AT  will  range  from  as  a  little  as  a  fraction  of  a  °K  to  an  unusually  generous 
20  °K.  L2'Wheri  compared  to  a  laboratory  spectrometer  where  the  source  temperature 
may  be  well  above  1000  °K  it  is  easy  to  see  why  it  is  worthwhile  to  optimize  the  sensor 
resolution  for  a  particular  problem. 

Spectral  resolution  has  been  a  particularly  controversial  parameter.;  it  has  been 
chosen  for  various  reasons  including:  bandwidth  of  target  gases,  bandwidth  of  the 
atmospheric  gases,  and  the  always  present  tendency  to  use  the  highest  available 
resolution;  a  legacy  of  spectroscopic  research.  Griffiths  has  shown  that  many  practical 
laboratory  problems  of  detection  and  recognition  are  much  better  off  with  a  minimal 
resolution.* 

Most  organic  molecules  of  interest  in  chemical  defense  have  molecular  weights 
greater  than  100  and  are  asymmetrical;  consequently,  have  no  discernible  fine 
structure4.  The  spectra  of  standard  chemical  agents®*®  show  bandwldths  ranging  from 
about  6  cm'1  to  as  much  as  30  cm*1.  Some  precursor  compounds  do  exhibit  fine 
structure7,  with  bandwldths  as  low  as  1.5  cm'1  at  atmospheric  pressure.  There  has 
been  controversy  over  the  best  resolution  to  use  for  detecting  compounds  of  these  types 
in  the  atmosphere  where  bandwldths  are  as  little  as  0. 1  cm*1,  the  argument  being  that 
while  low  resolution  may  be  adequate  for  the  target  much  higher  resolution  Is  necessary 
to  separate  the  target  from  the  background.  While  an  exact  answer  to  this  latter 
question  Is  beyond  the  scope  of  this  study,  we  will  show  that  high  resolution  exacts  a 
very  high  cost  in  sensitivity  or  signal  to  noise  ratio  (SNR). 

There  are  two  ways  of  looking  at  the  detection  and  recognition  problem:  1) 
conventional  inspection  combined  with  signal  enhancement  ami  quantification 
techniques  and  2)  automatic  pattern  recognition  techniques®'®*1®*1 1*1^«13  (artificial 
Intelligence).  The  2  methods  are  not  mutually  exclusive;  in  fact  they  can  be  used  In 
tandem.  However,  it  is  safe  to  say  that,  to  date,  most  practical  field  spectroscopy  is 
accomplished  by  Inspection. 

For  several  reasons  pattern  recognition  is  likely  to  become  a  more  important 
method  for  field  detection  problems:  lower  signal  to  noise  spectra  and  much  higher 
sensor  data  rates.  It  may  be  that  threshold  detection  levels  are  not  the  same  for 
inspection  and  pattern  recognition  or  possibly  not  even  the  same  resolution  is  optimally 
suitable  for  both  tasks.  Add  to  this  that  quantification  •  a  very  difficult  problem  for 
passive  IR  -  is  likely  to  depend  optimally  on  resolution;  low  resolution  causes  deviation 
from  linear  behavior  while  high  resolution  increases  noise.  These  questions  will  be 
addressed  in  future  work.  In  this  work,  we  shall  explore  the  detectability  of  a  target 
compound  based  on  a  single  Loren  tzian  band  of  similar  characteristics. 

2.  The  Signal 

The  process  of  interest  is  detection  of  vapors  in  the  open  atmosphere  by 
radiation  transfer  between  a  target  vapor  and  a  background.  We  will  use  the  signal 
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model  described  by  Flanigan  and  Walter14.  The  radiance  of  a  layer  of  infinitesimal 
thickness  dx  Is 

dL  =  (XjCj-L^Avdx  -  aTcTLmtbb.vdx  t^L^&vdx  -  aAcALtmbAvdx  (l) 

where  crp  (m2/mg)  is  the  absorptivity  due  to  the  target.  a\  is  the  absorptivity  due  to 
atmosphere.  Lfeg  (w/(cm2  sr  cm*  M)  Is  the  spectral  radiance  of  a  blackbody  at  the 
radiometric  temperature  of  the  background.  Lamh  is  the  radiance  of  a  blackbody  at  the 
temperature  of  the  layer  and  Av  (cm*1)  is  the  optical  resolution  of  the  sensor.  Assuming 
that  atmospheric  and  target  gases  are  uniformly  distributed  over  the  layer,  eq  1  can  be 
integrated  over  x  to  give  the  radiance  incident  on  the  sensor. 

4  =  T^L^Av  +  d-T^L^Av  (2) 

where  ta  is  the  atmospheric  transmittance,  and  xr  is  the  target  gas  transmittance.  This 
is  the  simplest  possible  signal  model  that  we  can  use  for  passive  infrared  detection.  A 
more  realistic  model  would  consist  of  as  many  layers  as  needed  to  define  the  remote 
sensing  problem  of  interest. 

Passive  IR  detection  depends  on  Lamh  and  Lbg1®.  Only  a  small  fraction  of  the 
radiance  incident  on  the  sensor.  L$.  contains  useful  information.  This  useful  radiance. 
AL.  can  be  determined  by  subtracting  the  ambient  temperature  spectral  radiance  and 
simplifying  to  give 

AL  =  XjL^ A v  +  (1-tatt )LmKbAv-  Av 

AL  =  (1  -  tj.  xA )( Lw  - 1*  )A  v  U 

For  the  problems  discussed  here,  the  atmospheric  transmittance  will  be 
assumed  to  be  1. 


AL  =  (l-rr)(L^-4f)Av  (4) 

In  the  following  section  the  emissivtty  of  the  ambient  temperature  blackbody  will 
be  defined  by  the  emissivtty  of  the  gas  using  a  band  model. 

2.1  The  Loren tzimn  Band 

The  Lorentzian  band  is  commonly  used  by  spectroscopists  to  simulate  real 
bands,  both  rotational  lines1®  and  vibrational  bands  for  quantitative  analysis17.  In  this 
model  the  absorptivity,  a,  of  a  Lorentzian  band  as  a  function  of  wavenumber  is  given  tty 


a(v)  =  apt 


f 

f  +  (v-  v0)2 


(5) 


where  apk  is  the  peak  absorptivity,  gamma  is  the  half  width  at  half  height,  which  is  1/2 
the  full  width  half  height  bandwidth  (FWHH).  A  typical  opk  for  compounds  of  interest 
ranges  from  0.4  X  10*3  m2/ mgm  to  1.5  X  10*3  m2/ mgm;  we  will  use  a  convenient 
average  of  10*3  m2/ mgm.  For  these  preliminary  investigations,  we  used  2  FWHHs:  1 
cm*1  and  15  cm*1.  Figure  1  shows  the  profile  of  a  15  cm*1  band.  (Most  of  the 
computing  and  graphics  for  this  project  were  performed  with  Mathematica™18.) 
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Figure  1.  Profile  of  a  15  cm-1  band  with  a  apk  of  10*3  m^/mg 

Several  techniques  were  used  to  study  the  effect  of  optical  resolution  on 
absorptivity  coefficient,  a,  including:  Integration  of  the  Lorentzlan  function  to  produce  a 
closed  form  solution,  and  several  numerical  integration  techniques.  The  closed  form 
solution  was  particularly  convenient  to  study  signal  to  noise  as  a  continuous  function  of 
resolution.  The  absorptivity  coefficient,  a,  was  averaged  over  a  rectangular  function  of 
bandwidth.  Av.  Integrating  eq  5  and  averaging  by  Av 


°  -  ^  |“WV  -  ^■(l'  ArcTan{^L 


f6) 


where  the  Integration  is  carried  out  from  vo  to  Av/2  because  the  Integrand  of  the 
Lorentzlan  function  is  odd  about  vo.  Figure  2  shows  the  average  a  as  a  function  of 
Increasing  optical  band  for  a  15  cm*1  band. 


Figure  2.  The  average  or  effective  a  as  a  function  of  decreasing  optical  resolution 
(increasing  optical  bandwidth). 
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The  optical  signal  incident  on  the  sensor  is  now  defined;  we  next  pursue  the 
signal  to  noise  produced  by  the  sensor. 


Wolfe1®  gives  an  expression  for  the  signal  to  noise  ratio  (SNR)  of  an  extended 
source,  detector-noise  limited  with  the  detector  as  field  stop.  That  equation,  after 
modification  to  our  format.  Is 


m 


where 

Aq  is  the  area  of  the  detector  in  cm2. 

0  is  the  angle  of  the  ray  with  the  optical  axis. 
dQ  is  the  solid  angle, 

Af  is  the  electronic  bandwidth  (Hz),  which  for  Fourier  transform  spectrometers 
(FTS)  is  a  function  of  v. 

t«  is  the  sensor  transmittance,  and 
D*  is  the  specific  detectivity  (Hz1/2  cm/w) 

The  first  integral  is  the  ttendue  divided  by  Ad1/2.  Assuming  that  the  variation 
of  other  quantities  is  small  over  the  interval  Av 


SNRd 


T,3J>*AL 


(8) 


The  noise  formulation  Is.  to  this  point,  applicable  equally  to  either  a  filter  or  a 
FTS.  Although  results  will  be  presented  in  wavenumber  space,  the  intent  is  to  define  the 
performance  of  a  FTS  for  which  the  electronic  frequency  is20 


f  —  kv  (9) 

where  k  is  the  retardation  rate  (velocity  of  the  mirror)  The  retardation.  AX.  required  for 
resolution  Av  is 


AX  =  -^- 
Av 


(10) 


If  the  scan  is  completed  in  t  seconds,  then  the  mirror  velocity  k  is 

t  Avt 


(11) 


Substituting  these  quantities  into  eq  9.  the  frequency  becomes 


/ 


(12) 
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Usually,  the  signal  is  Altered  on  both  the  low  frequency  and  high  frequency  sides.  In  the 
case  of  a  single  band  system,  the  electronic  frequency  need  only  be  as  large  as  "audio’ 
frequency  bandwidth  associated  with  the  optical  band.  Remembering,  of  course,  when 
the  band  Is  so  limited,  changes  in  the  lnterferogram.  other  than  random  in-band  noise, 
will  cause  changes  outside  the  band  (broadening,  sidebands,  etc).  However,  because 
the  only  noise  accounted  for  In  this  study  is  random  detector  noise  or  BLIP  noise  it 
seems  reasonable  to  limit  the  electronic  bandwidth  accordingly.  Differentiating  and 
setting  dv  =  Av 


jx  ,  j  Av  1 

df  =  kdv  = - =  - 

Avf  t 


(13) 


Substituting  eqs  4  &  13  into  eq  8.  the  Anal  SNR  expression  for  a  detector  limited  sensor 
is 

«,»  t,3D*ALi"2 
snrd  —  — 1/2 

cx,n  AV„  _  _  w,  f  v  (14J 

SNRd  — 5  — 175  (1  -  ) 

2.3  Background  Limited  Incident  Photon  (BLIP)  Detection 

Photon  noise  limited  detection  is  also  known  as  shot  noise  and  background 
limited  incident  photon  (BLIP)  noise  or.  more  commonly,  background  limited  detection. 
Background  limited  detection  assumes  a  constant  background;  fluctuations  are 
completely  due  to  the  probability  of  emission  of  a  photon.  Other  fluctuations  in  the 
background  contribute  additional  noise  if  the  frequency  of  the  fluctuations  is  within  the 
electronic  bandpass  of  the  sensor  and  as  mentioned  above,  can  produce  side  bands  at 
adjacent  frequencies.  The  latter  will  be  Investigated  in  future  work. 

Several  background  limited  models  appear  to  give  different  results.  These  will  be 
independently  discussed. 

2.3.1  Wolfe  Model 


Wolfe  substitutes  D*BL1P  for  D*  according  to  the  relationship 


1 

hcv 


(15) 


where  QB  is  the  power  spectrum  of  the  variation  in  the  number  of  photons  incident  per 
unit  area.  Kruse^l  shows  that. 


Q„  =  2n  =  2Eq  (16) 

or  the  power  spectrum  of  the  variation  is  twice  the  average  rate.  It  is  also  shown  that 
the  units  of  Qb  are  the  number  of  photons  squared  per  unit  area  per  second  squared, 
per  Hz  and  is  numerically  equal  to  twice  the  photon  lrradlance,  Eq.  Using  these 
definitions,  we  can  see  that 


,  E  _  1  TjS^Av 
9  hcv  hcv  Ad 


(17) 
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Substituting  into  eq  15, 


(\WJ  /  \i/i 

J*2Sk.|  _L,  - 2ic - )  „« 

4r,3lwAv J  Acv  [4Acvt,3X,,Av J 

Detector  limited  sensors  are  limited  by  mechanisms  internal  to  the  detector 
BLIP  season  are  limited  by  the  total  amount  of  power  reaching  the  detector.  Increasing 
the  bandwidth  of  a  BLIP  detector  decreases  the  D*.  Figure  3  shows  the  decreasing  O*  of 
a  background  limited  detector  as  a  function  of  optical  bandwidth  for  a  sensor  with  the 
specifications  of  the  XM21.  (See  section  3.0.) 


For  a  1  cm~l  total  optical  bandwidth  BLIP  sensor  the  D*wjp  would  be  about  1.6 
x  1012;  for  a  BLIP  sensor  of  optical  bandwidth  of  200  cm'1,  the  dVujp  would  be  about 
1.2  x  1011  or  about  6  times  the  specified  D*  Z  2.8  x  101®  for  an  XM21  (to  be  discussed). 


Substituting  eq  18  Into  eq  14.  we  get  the  background  limited  SNR  based  on 
Wolfe's  model. 


SNR 


Bur 


XsZALAtm  ( iMo)1” 

V*  (4Acvtj3£wAv) 


2.3.2  ffingrton  Model 

Kingston  defines  the  signal  current  as22 
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(20) 


.  _  T)ePs  _  T]eZxsAL 
'  hcv  hcv 

where  it  is  the  quantum  efficiency  of  the  detector  e  Is  the  electron  charge.  Ps  is  the 
power  on  the  detector.  t8  is  overall  sensor  transmittance.  3  is  the  ttendue.  h  is  Planck's 
constant,  c  is  the  speed  of  light  and  v  is  the  wavenumber  of  the  radiation  detected. 

Fes’  a  constant  background,  the  sensor  will  be  "photon  noise  or  background 
limited".  Kingston  bases  his  derivation  of  the  mean  square  fluctuation  of  a  number  of 
Poisson  distributed  events  as 


(n-nf  =/iJ  -2/w +nJ  =n2 -n1  =n  (21) 

Therefore,  the  mean  square  fluctuation  of  events  is  equal  to  the  average  number  of 
events.  (Note  that  Wolfe’s  derivation  equates  the  photon  variation  to  2  times  the  average 
rate.)  This  observation  leads  to  the  following  expression  for  the  mean  square 
fluctuation  of  the  current. 


g=2«y 


27i‘2(r,+rH)*f 

hcv 


(22) 


where  Ps  and  Pbg  are  the  signal  and  background  powers  respectively.  In  this  case  Ps 
«  Pbg.  therefore  the  total  background  power  is 

PH-XsZLh£iV  (23) 

not  Including  any  instrument  self  emission.  The  mean  square  noise  is 

p  _  ^ne2PHAf  _  2rie2xsZLt'6vAf  (24) 

N  hcv  hcv 

Substituting  for  the  bandwidth,  equation  24  becomes 


2rje’rs3i*Av 
=  hcv, 


Kingston  defines  the  signal  power  to  the  noise  power  at  the  output  of  the 
integrating  filter  as  the  ratio  of  the  square  of  the  signal  current  to  the  mean  square 
noise. 


CAW*  tevt  _ti3ts*L2 

""  I*  l  hcv  )  2rjeiTsZLhtAv  hcvL^ Av 


(26) 


Substituting  for  AL  the  final  form  of  the  SNR  expression  based  on  the  Kingston 
background  limited  model  is 


SNR''U'=32hl*!L(t-zyJ^JzL 

he  V  Lt, 


(27) 


Comparing  eq  26  with  eq  19 
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snkL,  -  <191 

we  see  that 

SNRiJf^A(SNRZJff  (28) 

The  origin  of  this  discrepancy  Is  the  definition  of  SNR  Kingston  (Mines  the  SNR 
equals  the  square  of  the  signal  over  the  mean  square  of  the  noise  and  dearly  supports 
this  with  "the  output  power  from  a  photon  detector,  or  any  Incoherent  radiation 
detector.  Is  proportional  to  the  square  of  the  Input  power'.  Additionally.  Wolfe  uses  a 
statistical  derivation  that  results  In  the  variation  In  photon  rate  of  twice  the  average 
rate,  while  Kingston’s  uses  a  derivation  which  results  In  the  variation  being  equal  to  the 
average  photon  rate.  The  definition  of  SNR  as  the  ratio  of  the  power  to  the  root  mean 
square  of  the  background  fluctuations  seems  to  be  more  widely  accepted  and  the 
predictions  more  consistent  with  experience;  therefore,  we  will  use  Wolfe's  BLIP  model 
(eq  19). 


3.  SNR  For  a  Single  Band 

The  XM212®  specifications  will  be  used  to  estimate  the  SNR  by  the  D*  and 
D*BLIP  models.  An  optical  schematic  for  the  XM21  Is  shown  In  figure  4.The  estimated 
sensor  transmittance  Is  0.38  based  on:  entrance  window  (.93).  scanning  mirror  (.99). 
Beam  splitter  (.48).  retro  mirror  (.99).  exit  lens  (.97).  lens  window  (.97).  and  field  lens 
(.97).  These  estimates  were  arrived  at  from  the  technical  specifications  and  some 
extrapolation  between  similar  parts.  The  dendue  of  the  XM21  is  0.0029  cm2  sr  and  the 
detector  size  Is  0.07  cm  on  a  side.24  The  D*  for  the  XM21  Is  specified  to  be  not  less 
than  2.8  x  101®  Hz1/2  cm/w  between  1250  and  785  cm"1 


Figure  4.  A  schematic  of  the  XM21,  a  typical  remote  FTS  without  a  telescope. 

Figure  5  shows  the  SNR  for  these  values  for  D*  limited  detection  for  a  1  cm*1 
band  FWHH  with  otpk  «  .001  m2/mg  located  at  1000  cm*1.  The  background 
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temperature  was  300  *k  aruj 

-1  -K.  All 

2^“^-*  **»  •  -  *^«Jrsstrs55SS? 
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Av  (cm-1) 

Figure  7.  SNR  for  SFg  with  detector  limited  detection. 

Table  1  shows  comparative  SNRs  for  the  3  bands  at  1  sec  scan  time  from  figures 
5.  6.  and  7. 


Av 

1  cm'1  band 

15  cm*1  band 

8.8  cm*1  band 

2 

14 

6.8 

62 

4 

2.5 

14 

116 

8 

2.7 

2l 

170 

16 

2>3 

TS - 

220  ~ 

Table  1.  SNR  for  1  sec  scan  time  for  detector  limited  detection.  AT  « -1  °K,  CL  •  50 
mg/m2.  Values  taken  from  figures  5.  6  &  7. 


From  Table  1.  we  conclude  that  the  SNR  improves  at  higher  optical  bandwidths. 
t.e..  lower  resolution  for  characteristic  brood  bands.  For  the  1  cm'1  band  the 
improvement  occurs  at  lower  increases  in  resolution.  For  optical  resolutions  in  the 
range  of  0.2  cm*1  the  SNR  is  marginal  for  all  scanning  times.  For  this  detector  limited 
model  the  SNR  continues  to  improve  with  increases  in  optical  bandwidth;  the  limit  will 
be  Imposed  by  other  conditions  Including  band  separation  in  a  multiband  environment 
Another  observation  is:  that  while  the  SNR  continues  to  improve  with  increasing  optical 
bandwidth,  increasing  the  bandwidth  does  not  compensate  for  short  measurement 
times. 

Figures  8.  9.  and  10  give  the  SNR  for  background  limited  (BLIP)  sensors  for  the 
same  conditions  shown  in  figures  5.  6.  and  7. 

The  moot  notable  differences  between  detector  limited  and  background  limited 
cases  are  the  vastly  higher  sensitivities  of  the  background  limited  case  and  the 
appearance  of  optima  in  the  background  limited  case.  Table  2  shows  the  peak  SNR,  the 
fractional  bandwidth  for  each  peak  and  the  SNRs  for  the  background  limited  case  for 
the  1  sec  scan  time  taken  from  figures  8,  9,  &  10.  The  optimal  SNR  occurs  at  75%  of  the 
bandwidth.  This  is,  of  course,  only  for  the  BLIP  case. 


18 


1  cm*1  band 

15  cm*1  band 

8.8  cm*1  band 

FZTSMH 

871 

io.b 

J.76 

1  — 

d.7i  " 

0.7*1 

TT88 

I  SNR 

TT5 - 

466 

6426 

Table  2.  Optimum  resolution  and  SNR  for  1  sec  scan  time 

detection.  AT  ■  -1  °K.  CL  ■  50  mg/m^.  Values  taken  from  figures  8,  9,  &  10. 

3.1  Holaa  Eqatvaleat  GoaMatnUoa  Psth  length  (NECL) 

The  NECL  can  be  obtained  by  setting  SNR  to  1  in  eq  14  and  solving  for  CL. 


NECL  = -In 
a 


1- 


A  1,2 


(29) 


Figure  all,  12.  &  13  show  NECL  as  a  function  of  Av  for  a  detector  limited 
sensor  and  1  cm*1.  15  cm*1,  and  SFg  bands  respectively.  These  curves  illustrate  how 
rapidly  threshold  sensitivity  levels  improve  with  modest  Increases  in  optical  bandwidth 
in  the  region  around  the  width  of  the  target  bands.  Notice  also  that  threshold 
concentration  approaches  a  constant  value  more  quickly  than  does  the  SNR 


bottom:  t  ■  0. 1  sec.  t  ■  1.0  sec,  and  t  ■  10  sec  with  the  most  sensitive  (10  sec)  being  at 
the  bottom. 
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eo 


Av  (cm-l) 

Figure  12.  NECL  for  a  detector  Umited  sensor  and  a  15  cm**  band. 


The  background  limited  NECLs  can  be  computed  from  eq  29  with  the  BLIP  D* 
(eq  19)  substituted  for  the  measured  D*.  Figures  14.  15  and  16  show  NECLs  for  the 
same  taigets  and  the  same  conditions  for  a background  Umited  sensor. 


Av  (cm-l) 

Figure  13.  NECL  for  the  8.8  cm*1  (SFg)  and  a  detector  limited  sensor 


Av 

1  cm’1  band 

15  cm*1  band 

8.8  cm*1  band 

i 

2i 

6.8  """“""H 

T5j5~ 

4 

19 

0.36 

8 

ifl  '  ” 

U 

0J7 

16 

18.6 

1.9 

0.20 

Table  3.  Comparative  NECLs  for  1  sec  scan  time  for  detector  United  detection.  AT  -  -1 
°K.  Data  taken  from  figures  1 1.  12.  &  13. 
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Av  (cm-1) 

Figure  16.  NECL  for  SFg  with  a  background  limited  sensor 


Av 

1  cm* 1  band 

EH55BJE5SM1 

2 

0.f>6 

TTT7 

757515 

4 

6.13 

0.6 12 

8 

753S 

0.10 

0.012 

is 

1.4 

1.2 

6.6 14 

Table  4.  Comparative  NECLs  for  1  sec  scan  time  for  background  limited  detection.  AT  * 
-1  °K.  Values  taken  from  figures  14.  15.  and  16. 

Again,  the  background  limited  cases  show  well  defined  optima,  minima  in  this 
case  when  compared  to  the  detector  limited  case. 


3.2  Noise  Equivalent  A  Temperature  (NEDT) 

The  NEDT  can  be  obtained  by  setting  SNR  to  1  in  eq  13  and  solving  for  the 
background  temperature  and  subtracting  that  from  the  ambient  temperature. 


NEDT  = 


c7v 


Ln 


1  +  - 


cV 


L„- 


A  m 


ts3D*Av  tm{\-xT) 


-T^ 


(30) 


where  ci  and  C2  are  coefficients  ln  the  Planck  equation  (cj  *  1.19  x  10* 12  and  C2  = 
1.4388  for  the  units  used  in  this  study.)  Eq  28  does  not  have  solutions  at  all  values  of 
Av;  therefore  the  range  has  to  be  determined. 

Figures  17  -  22  show  the  NEDTs  for  the  1  cm*1,  15  cm*1,  and  SF6  bands  for 
detector  limited  and  background  limited  cases.  CL  =  50  mg/m2  in  all  cases.  Again,  as 
for  the  other  BLIP  cases  background  limited  D*  was  substituted  for  measured  D*. 


Av  (cm- 1) 

Figure  17.  NEDT  for  a  detector  limited  sensor  and  a  1  cm*1  band.  The  scanning  times 
are  from  bottom  to  top:  t  =  0. 1  sec,  t  =  1.0  sec.  and  t  *  10  sec.  The  highest  sensitivity  is 
at  the  top. 
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Figure  18.  NEDT  for  a  detector  limited  sensor  and  a  15  cm'1  band 

For  all  bands  the  greatest  improvements  take  place  in  the  region  below  4  cm'1; 
for  the  1  cm'1  band  below  1  cm'1  bandwidth.  However,  for  the  brooder  bands  there  are 
still  gains  of  2  or  more  in  going  from  4  to  8  cm'1,  for  the  detector  limited  case.  For 
broader  bands  there  will  additional  gains. 


Av  (cm-1) 

Figure  19.  NEDT  for  a  detector  limited  sensor  and  a  8.8  cm*1  band  with  otpk  *  0.01 15. 


Av 

1  cm'1  band 

15  cm*1  band 

8.8  cm*l  band 

5 

-0.44 

-6.16 

-O.OlS 

4 

-0.40 

-0.074 

8 

•0.34 

-0.047  “ 

giii  i  Mpguiainmm 

16 

-0.34 

-6.034  ——1 

Table  5.  Comparative  NEDTs  for  detector  limited  detection.  CL  ■  50  mg/m2.  Taken  from 
figures  I#.  18.  &  19  for  the  1  sec  scan. 
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ii 


A v  (cm- 1) 

Figure  20.  NEDT  for  a  background  limited  sensor  and  a  1  cm'1  band 


Figure  21.  NEDT  for  a  background  limited  sensor  and  a  15  cm*1  band 


ft 
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Av  (ctn-1) 

Figure  22.  NEDT  for  a  background  limited  sensor  and  a  8.8  cm'1  band 
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Av 

1  cm" 1  band 

15  cm*1  band 

8.8  cm" 1  band  \ 

2 

-6.6 10  ■B| 

4 

•6.613  “l 

6.0026 

"8  ” 

6.018 

-0.0022 

EiT'TiV;- ■■■■■■■ 

16 

6.025  1 

-0.0022 

from  figures  20,  21,  &  22  for  the  1  sec  scan. 


4.  Summary  and  Conclusions 

The  objective  of  this  effort  was  twofold:  to  begin  the  development  of  a  computer 
model  for  passive  Infrared  (IR)  remote  sensing  vapor  detection  systems  and  to  provide 
guidance  in  the  determination  of  optimum  spectral  resolution  for  the  remote  detection 
of  organic  vapors.  The  target  compounds  were  modeled  as  Lorentzlan  bands;  this 
allowed  a  fairly  simple  analytical  approach.  Several  sensor  models  were  compared 
Including:  a  detector  limited  sensor  model  according  to  Wolfe,  and  2  background  limited 
Incident  photon  (BLIP)  models  based  on  work  by  Wolfe  and  Kingston.  Measures  of 
sensitivity  were  developed  including:  signal  to  noise  ratio  (SNR),  noise  equivalent 
concentration  /  path  length  (NECL),  and  noise  equivalent  AT  (NEDT);  all  as  a  function  of 
optical  bandwidth.  SNR  NECL  and  NEDT  values  were  computed  for  a  typical  broad  and 
narrow  bands  associated  with  organophos porous  compounds  at  3  scan  times  of:  0.1, 

1.0  and  10  seconds.  Additionally,  the  simulant,  sulfur  hexafluoride  (SF6)  was  evaluated. 

It  has  been  accepted  for  many  years  that  modest  resolutions  are  more  effective 
for  passive  IR  detection  of  organic  vapors.  This  study  quantifies  that  relationship  for  the 
first  time.  For  problems  where  the  AT  and/or  CL  are  small  there  may  be  additional 
gains  of  2  to  5  in  sensitivity  by  increasing  optical  bandwidth  from  the  present  standard 
of  4  cm*1  to  8  cm"1  or  even  16  cm"1  resolution;  although,  this  conclusion  needs  further 
study  to  insure  that  It  does  not  introduce  increased  discrimination  problems. 

It  is  clear  that  present  systems  are  limited  by  detector  technology.  With  true 
background  limited  performance  and  careful  optimization  to  a  particular  problem, 
sensitivity  improvements  of  up  to  50  may  be  passible. 

This  study  is  based  on  using  the  narrowest  possible  electronic  bandwidth  a 
condition  which  assumes  that  there  are  no  fluctuations  in  the  background  other  than 
shot  noise.  Consequently,  the  SNRs  are  probably  unrealistically  high  for  a  multiband 
system.;  It  Is  the  relative  improvements  that  are  of  significance. 

The  next  step  In  the  development  of  the  computer  model  is  to  develop  the 
discrete  spectral  data  base  and  synthesize  noisy  realistic  spectra.  Beyond  that  multiple 
layer  models,  with  target  and  atmospheric  transmittance,  will  be  developed.  Finally, 
these  layers  will  be  embedded  in  large  scale  codes  such  as  DIRSIG. 
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